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Abstract
Traditional anti-corrosion technology has relied heavily on using reducible metal species, predominantly 
hexavalent chromium (Cr(VI)), for protecting reactive metal alloys such as aluminium which is 
extensively used in the aerospace sector. However, the impending changes in the use of Cr(VI) in Europe 
and the United States have forced aerospace manufacturers to examine alternative materials for protecting 
aluminium. One of the most promising alternatives being investigated are organosilane based sol-gels
containing anticorrosion additives. In this work the anti-corrosion properties of magnesium (II) nitrate 
(Mg(NO3)2) as a inhibitor was investigated at different concentrations (0.1% - 1.0 wt %) in a 
methyltriethoxysilane (MTEOS) sol-gel on the aluminium alloy AA 2024-T3 and compared to Alodine
TM
1200 (the established Cr(VI) pre-treatment). Electrochemical evaluation of the coating system by 
electrochemical impedance spectroscopy (EIS) and potentiodynamic scanning (PDS) measurements 
correlated strongly with results obtained from Neutral Salt Spray (NSS) exposure data. The surface 
morphology of the coating was studied using atomic force microscopy (AFM) and scanning electron 
microscopy (SEM). The results indicated the optimum performance was achieved using a Mg (NO3)2.
level of 0.7% w/w. It is proposed that the superior anticorrosion properties of the Mg
2+
rich sol-gel is due 
to the pore blocking mechanism of insoluble Mg(OH)2 formed during the hydrolysis process.
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21 Introduction
Conventional hexavalent chromium (Cr (VI)) based pre-treatments have historically played an important 
role in aircraft, marine, automotive and building industries by providing excellent corrosion protection on 
engineered surfaces [1]. The remarkable ability of hexavalent chromium as a corrosion inhibitor is due to 
it’s stability on reduction to trivalent chromium. However the active ingredient, Cr(VI), is known to be 
toxic and poses serious human health and environmental hazards. Rigid environmental regulations, 
introduced in the US and EU, have mandated the elimination of hexavalent chromium as the active 
ingredient in corrosion inhibition [2,3]. Initially reducible metal salts of vanadium, cerium and 
molybdenum were considered as alternative inorganic inhibitors as within organic coatings and surface 
pre-treatments, as were phosphates and borates [4, 5].
More recently inorganic-organic polymers based on sol-gel technology materials have been investigated 
for protecting aluminium alloys, specifically those used in the aerospace industry [4]. A sol-gel is formed 
by a combination of hydrolysis and condensation reactions, followed by polymerization and gelation of 
metal oxides from a colloidal solution [6]. Sol-gel technology offers a variety of routes to prepare 
functional coatings with different properties while those based on silane chemistry possess excellent 
adhesion to both metallic substrates and organic top coats through covalently formed bonds [7, 8]. By 
controlling the organic component within the sol-gel, improvements in properties such as flexibility and 
hydrophobicity can be achieved [9]. As with all coatings, silane based sol-gel films can only offer 
adequate long term protection in the absence of micro pores and cracks. In the event of cracks or defects 
developing the inclusion of environmentally compliant corrosion inhibitors into the sol–gel coatings is 
necessary to maintain their protective capability by suppressing the corrosion process at such defects [10]. 
A US Air Force study investigated three environmentally compliant reducible metal salts (cerium nitrate, 
sodium vanadate and sodium molybdate) as corrosion inhibitors within epoxysilane-zirconia sol–gel 
coatings on AA2024-T3 [11]. It was found that only the cerium salts maintained or improved the barrier 
properties of the coatings. Subsequent studies investigating the long term stability of such cerium coatings 
3identified solubility and leaching issues [10, 12, 13, 14]. These issues were solved by modifying the 
cerium salts prior to addition into sol gel thus delivering coatings with excellent corrosion resistance [15].
Improved corrosion performance can also be achieved by physically preventing electrolyte reaching a 
metal surface, by blocking the coating pores with insoluble metal hydroxide precipitates. This technique 
has been exploited with zinc-rich primers on metal surfaces whereby the formation of corrosion product 
precipitates inside a coating, occur around zinc particles, blocking the pores thereby increasing its barrier 
resistance [16]. Recently increased attention, particularly from North Dakota State University, has focused 
on magnesium as a corrosion inhibitor in epoxy primers and some sol-gels for protecting aerospace alloys 
[17, 18, 19, 20]. The researchers have found that magnesium can provide sacrificial protection and also 
form a protective oxide layer at the alloy surface thereby enhancing barrier protection.
In this body of work the anticorrosion properties of magnesium nitrate (Mg(NO3)2 ) doped sol-gels were
investigated on the aluminium alloy AA2024-T3. Classical electrochemical techniques, namely 
electrochemical impedance spectroscopy and potentiodynamic scanning, were used to estimate optimum 
concentration levels for corrosion protection, while accelerated exposure data was obtained from Neutral 
Salt Spray. The surface morphology of the coating structures was investigated by atomic force and 
scanning electron microscopy. The coating performance was compared to the established hexavalent 
chromium Alodine
TM
1200 based systems. The data shows that optimum levels of Mg (NO3)2 improves
the corrosion performance of the sol-gel significantly through a proposed pore-blocking mechanism, due 
to the formation of insoluble magnesium hydroxide.
2 Experimental 
2.1 Aluminium Panel Preparation
150 mm x 100 mm AA2024-T3 aluminium panels (sourced from an industrial partner) were washed with 
isopropanol, degreased and cleaned using Oakite 61 B
®
before being finally rinsed with deionised water 
and dried.
42.2 Alodine Treatment
An Alodine
TM
1200 solution was prepared by dissolving Alodine
TM
1200 powder (2%) in deionised water 
and maintaining the pH  !"#$"%&&'()"*+(*,"-./3. The Alodine™ solution was left stirring for overnight
and then filtered into a glass container. The cleaned AA 2024-T3 panels where then immersed in the 
chromium solution for 1 minute. The panels were then cleaned with deionised water and left to dry at 
ambient temperature.
2.3 Sol-Gel Preparation 
The silane sols were prepared by hydrolysing the silane precursor methyltrimethoxysilane (MTEOS) in 
the presence of dilute HNO3 (aq) as a catalyst, with ethanol (EtOH) as a solvent with a molar ratio of 
1/0.001/2.5/5 (MTEOS/HNO3/ETOH/H2O) to give an overall volume of 100 mL. The precursor MTEOS 
(99%) was sourced from Aldrich was used without any further purification. The solution was stirred 
initially for an hour. From this stock solution 10 mL volumes were prepared with varying levels of 
magnesium nitrate (Mg(NO3)2, Aldrich) to give sols of 0.1, 0.3, 0.5, 0.7 and 1.0 % w/w when measured 
against the dried film weight. All the reaction mixtures were stirred overnight to complete the reaction. 
The prepared AA2024-T3 panels were flood coated with the sol, before being spun coat at up to 1000 rpm 
and cured for 12 hrs at 100°C to form the gel. The controlled coating technique gave a final thickness of 
0,1"23" 456,1"237" 8+9" %::" ;+:-gel coatings, measured using Isoscope
®
non destructive coating thickness 
gauge. Shorthand notation for the coatings will rely on the level of magnesium, i.e. 0.5% Mg will be used 
to represent MTEOS + 0.5% Mg(NO3)2.
2.4 Coating Characterisation 
EIS and PDS data was obtained using a Solartron SI 1287/1255B system comprising of a frequency 
analyser, potentiostat and ZPlot® software. Harrison’s solution (3.5 wt % (NH4)2SO4 and 0.5 % NaCl) 
was used as electrolyte as it closely emulates the atmospheric environment for aircraft [21]. EIS 
electrochemical cells were made by mounting bottom-less plastic vials to the exposed surface of the 
5coated panel (4.9 cm
2
) with amine hardened epoxy glue (Araldite
®
). EIS spectra were acquired in the 
frequency range from 10
6
Hz to 10
-1
Hz with modulating potential of 10 mV around the rest potential. The 
coated metal thus acted as a working electrode, silver/silver chloride (Ag/AgCl) electrode was used as a 
reference electrode and platinum mesh acted as a counter electrode.
PDS was performed using an electrochemical cell (PAR EG&G K0235 Flat Cell). Constant air supply was 
given to the system in order to promote the corrosion process. An initial free corrosion potential (Eoc) 
measurement was recorded using an open circuit potential (OCP) technique and the potentiodynamic scan 
was acquired in the region from -0.4 V to + 0.5V vs. Eoc, with a scan rate of 1 mV/sec. The area exposed 
was 0.78cm
2
to Harrison’s solution. All the experiments were repeated in duplicate.
2.5 Salt Spray Exposure
Accelerated exposure testing of all panels was performed in a salt fog atmosphere generated from a 5 wt 
% aqueous NaCl solution at 35 ( 1) !C for up to 168 hrs according to ASTM B117 specifications. Sol-
gel coated panels of size 4” x 3” were used for the exposure test. The non coated side and the edges were 
protected using water a based polyurethane coating (Alberdink
®
). The edges were further protected with 
insulation tapes to provide a double protection. 
2.6 Surface morphology
Surface morphology of the coating was studied using atomic force (AFM) and scanning electron 
microscopy (SEM). AFM studies were undertaken using an Asylum MFP-3D AC/contact mode 
microscope. Damage to tip and sample surface were minimized by employing the experiment in tapping 
mode as it is specifically useful for soft samples such as polymers and biological samples. The tapping
mode works by reducing the vibration amplitude of the cantilever thereby acting as the feedback signal.
SEM studies were completed using a Tescan Mira XMU system, with electron beam energy of 20 keV 
and a magnification of up to 20Kx. The coated sample were mounted on copper stud and coated with gold 
with a thickness of ~ 50 nm, to make the sample conducting.
63 Result and Discussion
3.1 Electrochemical Impedance spectroscopy
EIS is a technique that can simultaneously provide information on the corrosion mechanism and 
quantitatively assess the corrosion protection provided by a metal substrate. It allows for physical systems 
to be expressed as equivalent electrical systems such as resistors and capacitors and has been discussed 
elsewhere [4]. The EIS spectrum is frequency dependant and is dominated by the properties of the 
electrolyte (>~10
5 
Hz), coating (~10
0
-10
5 
Hz) and surface interactions (<~10
0 
Hz). Effective barrier 
coatings display impedance values of at least 10
6
<,cm
2
at lower frequencies (="06
-1
Hz), implying low 
rates of electrochemical activity and hence lower corrosion rates [22]. A summary of impedance data for 
all sol-gel coatings recorded at 10
-1 
Hz is shown in Fig. 1.
Fig 1
The most important aspect of this data is the trend observed, where the low frequency impedance is 
dependent on the coating and immersion time [23]. It is clear that only the mid range concentrations (0.5%
& 0.7% Mg) maintain their barrier properties over the 72 hour period. Moreover it should be noted that 
the higher and lower concentrations (0.1% & 1.0% Mg) performed poorly, as represented by a decrease in
their impedance by 2.5 and 1.8 orders of magnitude respectively. The result for 1% Mg is in agreement 
with electrochemical impedance result from literature, which indicates that sol-gel coatings heavily loaded 
with inorganic particles can become porous, thereby increasing uptake of water leading to coating 
delamination [24]. 
The corresponding Bode frequency plots at 0 and 72 hours is shown in Fig. 2 (a) & (b). At 0 hours there is 
one time constant, extending across the mid frequency range, which is indicative of a barrier coating. This 
is to be expected with all coatings as the electrolyte has had minimal interaction with the coating and will 
not have reached the surface. After 72 hours a second time constant has emerged for all coatings in the 
7low frequency region, indicating the formation of a surface phenomenon. This may be an aluminium 
corrosion product, magnesium rich precipitate or a combination of both. 
Fig 2 (a) & (b)
Similar phenomena reported in the literature have been ascribed to an intermediate oxide layer formed on 
alloy/sol-gel coating interface by Si-O-Al bonds, respectively [25]. The data indicates that the 0.5% and 
0.7% Mg systems maintain high phase angle ( " >6?7" +@Ar the mid frequency range, implying superior 
barrier properties when compared to the other coatings. 
Fig 3 (a) & (b)
The electrochemical circuit models shown in Figure 3 correlates the physical characteristics of the coating 
with the impedance spectrum. The theory of equivalent circuit has long been established and extensive 
work has been published [26, 27]. Here the circuit model illustrated at Figure 3 (a) describes the behaviour 
of the sol gel coating during the initial stages of immersion while Figure 3 (b) describes the behaviour of 
the system from 24 hrs to 72 hrs after immersion. The constant phase element (CPE) was used as 
capacitance in all fittings when the phase angle of the capacitor is different from -90°. The parameter Rsol
corresponds to the solution resistance, Rcoat is the coating resistance, Ccoat is the coating capacitance, Rint is 
the resistance at coating/alloy interface and Cdl accounts for the double layer capacitance. The evolution  
of Ccoat is related to the penetration of electrolyte through the coating and generally is expected to increase 
with exposure time and coating degradation [28]. The fitting parameters are illustrated in Table 1.
Fig 4 (a) & (b)
Fig 4 (a) displays the evolution of Ccoat with the immersion time in Harrison’s solution. It was observed 
that the capacitance values of the coatings with magnesium were lower than that of the 0% Mg coating 
which provides limited corrosion protection and is indicative of more hydrophobic coating. The increase 
in Ccoat for the 0.1% Mg coating is believed to be due to insufficient levels of inhibitor within the sol gel 
matrix to prevent corrosion. Significant improvement in corrosion properties were found for 0.3% Mg and 
80.5% Mg coating with a slight increase in Ccoat, while 0.7% Mg showed the lowest increase, implying that 
it was the most capable coating for retarding the passage of electrolyte through the coating. It is proposed 
that the increase in Ccoat for 1% Mg was due to heavily loaded inorganic particles in sol-gel matrix 
forming porous pathways for the electrolyte to the metal surface [24]. 
The change in coating resistance (Rcoat) during immersion in the Harrison’s solution which combines the 
resistance of electrolyte in pores and cracks in the coating [10] is presented in Fig 4(b). The undoped 
coating has the lowest coating resistance throughout the entire period of immersion when compared to 
coating containing the Mg(NO3)2. The initial value of Rcoat of the inhibitor doped coatings is higher for all 
concentration except for 0.7% Mg. However, by increasing the immersion time to 72 hrs, 0.7% Mg 
showed a consistent behaviour in coating performance most likely due to blocking of the pores. In contrast 
all the other sol gel coatings undergo a decrease in coating resistance with immersion time.
Table 1
In the event of chloride promoted corrosion on AA2024-T3 alloys hydroxyl ions are generated via oxygen 
reduction (1) at cathodic sites, such as those formed upon dealloying of secondary phase (S-phase) 
intermetallic compositions such as Al2CuMg.[29, 30, 31].
Cathodic reaction:
""# $%$## OHeHO 2422 (1)
When these hydroxyl ions interact with the magnesium salts within the sol-gel, it is proposed that 
insoluble magnesium hydroxide (Mg(OH)2 Ksp of 1.5 x 10
-11
) is formed thereby blocking the coating 
pores (2). This is represented by a stable high impedance at lower frequencies in the Bode plot in Fig. 
2(b), indicative of the capacitive nature displayed by the coating.
2
2
)(2 OHMgOHMg $%#
"#
(2)
3.2 Potentiodynamic Scanning
To estimate the effect of the Mg(NO3)2 on the anodic and cathodic electrode reactions, potentiodynamic 
scan were carried out in the potential range from -0.4V to 0.5V versus the OCP. The corrosion parameters 
such as corrosion current densities (Icorr) and corrosion potential (Ecorr) were estimated by the Tafel 
9method within the range OCP  1 mV [32]. The polarisation resistance is calculated using Stern-Geary 
equation [33] (3)
pol
corr
R
B
I & (3)
Where Rpol is the polarisation resistance. The proportionality constant, B, for a particular system can be 
calculated from  a and  c, the slopes of the anodic and cathodic Tafel lines as shown by (4).
)(303.2
.
ca
caB
  
  
#
& (4)
Fig 5
The polarization curves for all sol-gel coatings are shown in Fig. 5 with the extracted physical properties 
shown in Table 2. The effect of magnesium content is clearly evident with the lowest Icorr readings being 
achieved by 0.7% Mg and 0.5% Mg respectively, which are up to 5 orders lower in magnitude when 
compared to the sol-gel alone. This confirms that some of the magnesium laden coatings are capable of 
blocking the ingress of electrolyte to the active reaction sites on the aluminium alloy (both anodic and 
cathodic sites) [34]. The polarization curves (Fig 5) for 0.5% and 0.7% Mg demonstrate well defined 
passivation regions that are indicative of the retained inhibition activities of incorporated compounds with 
high polarization resistances from 4.3 x 10
9
<.cm
2 
to 1.7 x 10
9
<.cm
2
respectively. Coatings with high 
Rpol are desirable for achieving low corrosion rates [35].The polarization curve for 1% Mg shows no 
anodic or cathodic protection as there is a decrease in coating properties (Icorr = 2.1 x 10
-8
A.cm
-1
, Rpol = 2.6
x 10
5
<,*3
2
). This is due to the instability of the sol gel network with an increase in concentration of 
inorganic particles and is agreement with literature reports [24].
Table 2
3.3 Comparison between optimised sol-gel system and traditional Alodine
TM
1200 
To establish the potential benefit of the magnesium rich sol-gel system, a comparison was made with both 
bare and Alodine™1200 treated AA2024-T3 panels. EIS data is not presented for the hexavalent 
chromium rich Alodine™1200 treated panel as it has minimal barrier properties as it is significantly 
10
thinner (0.2 'm) than that of the sol-gel coatings (1.5 'm). The potentiodynamic scan shown in Fig. 6 
illustrates the improved benefit of magnesium rich coatings in comparison to the Alodine™ 1200 system. 
All sol-gel coatings containing magnesium, with the exception of 1% Mg, display lower current densities 
than the Alodine™ equivalent. 
Fig 6
Table 2
3.4 Neutral Salt Spray results (NSS)
The results from neutral salt spray exposure for the sol-gels, Alodine™ and bare panels is shown in Fig. 7. 
Failure of a coating was defined as being three or more pits per panel (adapted from the BS EN ISO-
10289 standard) or coating delamination. Panels were inspected at 24 hr intervals. Upon failure panels 
were removed. After 24 hours significant corrosion product was noted on the blank panel and it was 
removed from the chamber. 0% Mg failed between 96 and 120 hours. All other panels were removed after 
completion of 168 hours testing. Only 0.7% Mg survived with no visible pitting, while 0.5% Mg failed 
with 3 pits. Alodine™ 1200 pre treatment failed with general corrosion observed after 96 hours which is 
significant for a thin (< 200nm) coatings.
Fig 7
3.5 Morphological Analysis
AFM images were used to explain the clear trend witnessed after electrochemical and salt spray testing
and SEM analysis were used to further support the AFM findings. Surface roughness, particle size and 
average pore size derived from AFM image are given in Table 3. The AFM study detected the presence of 
pores widespread on the surface of 0% Mg with typical pore size of 1.21 nm (Table 3). Particles were 
visible on all Mg(NO3)2 doped surface. The AFM images reveals that panels coated with low levels of 
11
magnesium appeared to be porous while 0.5% and 0.7% Mg displayed higher packing levels (Fig. 8). The 
surface roughness and particle size derived form AFM images indicate that 0.5% and 0.7% Mg have a 
more even surface and smaller particles (Table 3). For 1.0% Mg showed agglomeration of particles with 
average particle size of 30±2 nm.
Fig. 8
Table 3
SEM, used for inspection of the 0.5% and 0.7% Mg coatings, revealed the presence of particulate matter at 
the surface prior to testing with few if any pores visible (Fig. 9). It is proposed that these particles are 
magnesium nitrate reservoirs within the coatings, which dissolve following electrolyte ingress and 
corrosion initiation to form insoluble magnesium precipitates capable of pore-blocking.
Fig. 9
12
4 Conclusion
The inclusion of an inhibitor in a sol-gel coating is essential in order to offer corrosion protection on 
aluminium alloys such AA2024-T3. Electrochemical (EIS, PDS) and accelerated exposure data (NSS) 
indicate that a methyltriethoxysilane coating containing 0.7% magnesium nitrate is capable of 
outperforming the standard hexavalent chromium surface treatment Alodine™1200. Surface morphology
studies (AFM and SEM) prior to testing displayed higher packing levels for 0.5% and 0.7% Mg coatings
with few if any pores visible. It is proposed that a suggested pore blocking mechanism occurs, whereby 
the Mg
2+
ions present in the coating form insoluble precipitates, most likely Mg (OH)2 thereby preventing 
further electrolyte ingress. This result suggests inorganic inhibitors capable of forming insoluble 
precipitates may be suitable for inclusion in silane based sol-gels and acts as potential replacements for 
hexavalent chromium surface treatments on Aluminium alloys such as AA2024-T3.
13
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Tables Caption
Table 1: Parameters of the sol–gel film systems with various percentage of MgN doped , obtained 
from fitting of the experimental impedance spectra with different equivalent circuits
Sol gel Coating 
0% Mg 0.1% Mg 0.3% Mg 0.5% Mg 0.7% Mg 1.0% Mg
Immersion time
(Hrs)
0 72 0 72 0 72 0 72 0 72 0 72
Rsol  !"#$
2
) 2.08 5.25 0.34 2.32 0.65 0.50 0.93 0.57 0.89 1.33 2.41 -4.46
Ccoat-T
(x 10
-7
F.cm
-2
)
2.17 2.57 0.46 1.94 0.85 1.33 0.45 0.99 0.58 0.70 0.95 1.98
Ccoat-P 0.99 0.99 0.97 0.88 0.95 0.91 0.96 0.95 0.90 0.85 0.92 0.91
Rcoat
(x 10
6
!%cm
2
)
0.66 0.05 3.42 0.08 7.41 0.27 4.62 1.78 1.94 1.37 3.64 0.01
Cdl-T
(x 10
-5
F.cm
-2
)
- 1.16 - 1.12 - 0.14 - 0.44 - 0.59 - 0.12
Cdl-P - 0.99 - 0.97 - 0.73 - 0.74 - 0.89 - 0.74
Rint
(x 10
6
!%cm
2
)
- 0.05 - 5.75 - 1.50 - 4.43 - 1.18 - 0.05
4. Table(s)
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Table 2: Corrosion Parameters estimated from Potentiodynamic Scan for bare, Alodine™1200 
treated and sol-gel coated AA2024-T3 alloy.
Coating Icorr (A.cm
-2
) Ecorr (V)  !a (V.dec
-1
)  !c (V.dec
-1
) Rp (&%#$
2
)
Bare AA 2024 4.41x10
-6
-0.495 0.009 0.078 9.86 x10
2
Alodine 1.05x10
-8
-0.418 0.015 0.050 9.20x10
5
MTEOS  + 0% Mg 3.74x10
-6
-0.485 0.011 0.061 5.70x10
3
                + 0.1% Mg 4.99x10
-9
-0.511 0.013 0.043 1.70x10
5
                + 0.3% Mg 1.02x10
-10
-0.507 0.025 0.027 2.40x10
9
                + 0.5% Mg 1.37x10
-10
-0.485 0.026 0.027 4.31x10
9
                + 0.7% Mg 2.25x10
-11
-0.456 0.014 0.017 1.70x10
9
                + 1.0% Mg 2.10x10
-8
-0.497 0.009 0.041 2.60x10
5
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Table 3: Surface roughness (rms), particle size and average pore size of sol-gel coated AA2024-T3 
alloy.
Coating Surface roughness
(nm)
Particle size
(nm)
Avg pore size
(nm)
MTEOS  + 0% Mg 4.01 - 1.50 ± 0.2
                + 0.1% Mg 2.62 1.5 ± 0.5 0.75 ± 0.5
                + 0.3% Mg 1.84 10 ± 2.0 0.4 ± 0.5
                + 0.5% Mg 1.25 6 ± 1.0 -
                + 0.7% Mg 0.51 4 ± 1.0 -
                + 1.0% Mg 3.07 30 ± 2.0 1.21 ± 0.5
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Figure List:
Fig. 1: Plot of Log  Z 0.1Hz vs Time for sol-gel coatings immersed in electrolyte 
(Harrison’s Solution) for up to 72 hours 
Fig. 2: Impedance spectra of the AA2024 coated with sol–gel films doped with 
different concentration of magnesium nitrate taken after (a) 0 hr and (b) 72 hrs 
exposed to Harrison’s solution.
Fig 3: Equivalent circuit models used for numerical fitting of the EIS data (a) 0 hrs 
(b) after 24 hrs.
Fig. 4: Time profile of sol-gel coating (a) capacitance, (b) coating resistance, during 
immersion in electrolyte (Harrison’s Solution)
Figure 5: Potentiodynamic polarisation curves of sol-gel coating immersed in 
electrolyte (Harrison’s Solution)
Fig. 6: Potentiodynamic scan curves comparing selected sol-gel and Alodine™ 1200 
coated to Bare AA2024-T3 alloy
Fig 7: Salt spray test results (1) Bare AA2024 after 24hrs exposure (2) MTEOS 
coating after 120 hrs exposure and (3) 0.1%Mg, (4) 0.3% Mg, (5) 0.5%Mg, (6) 0.7%, 
(7) 1.0%Mg, (8) Alodine™ 1200 coating system after 1 week of exposure
Figure 8: AFM images of sol-gel coatings (a) 0 % Mg, (b) 0.1% Mg, (c) 0.3% Mg (d) 
0.5% Mg, (e) 0.7% Mg, (f) 1.0% Mg
Figure 9: SEM images of sol-gel coatings (a) 0.5% Mg (b) 0.7% Mg
5. Figure(s)
Click here to download 5. Figure(s): R Varma Figures Final 220409.doc
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Fig 2a
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Fig 2b
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Fig 3 (a)&(b)
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Fig 4 (a)
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Fig 4 (b)
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Fig 5
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Fig 6
L
o
g
 I
  
(A
.c
m
-2
) 
-12
-10
-8
-6
-4
-2
0
-1.2 -1 -0.8 -0.6 -0.4 -0.2 0 0.2
E (Volts)
Alodine 1200 
0% Mg
0.5% Mg
0.7% Mg
Bare 
L
o
g
 I
  
(A
.c
m
-2
) 
27
Fig 7
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Fig. 8
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Fig 9
